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(54) Method of manufacturing a semiconductor device 

(57) The present invention is related to a method of producing a semiconductor device and the resulting device. The 
method is suitable in the first place for producing high power devices, such as High Electron Mobility Transistors (HEMT), 
in particular HEMT-devices with multiples source-gate-drain groups or multiple base bipolar transistors. According to 
the method, the interconnect between e.g. the source contacts (5,6) is not produced by air bridge structures, but by 
etching vias (11) through the semiconductor layer (2) directly to the ohmic contacts and applying a contact layer (13) 
on the backside of the device. 
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Description 

Field of the Invention 

5 [0001 ] The present invention is related to semiconductor devices comprising multiple source-gate-drain combinations, 
in particular devices that are designed to work at high frequency and high power levels, such as multiple gate-finger 
High Electron Mobility Transistors (HEMTs), i.e. having at least two gate contacts on the same substrate. 

State of the Art 

10 

[0002] High frequency and power devices are generally confronted by a problem of thermal management. In HEMT- 
devices, heat is generated in a very small area, especially in the channel, close to the gate area. This heat needs to be 
removed in an effective way. 

[0003] An established way to produce multiple gate-finger HEMTs is to grow a semiconductor stack (e.g. a GaN/ 

15 AIGaN stack) on a first substrate, for instance a sapphire substrate, provide ohmic contacts, gate metal and contact 
metal and a passivation layer, and apply a structure on top of the device, called an 'airbridge', toconnectthe neighbouring 
contacts, with similar function. Flip chip bumps are then applied around the HEMT or on a second substrate. The first 
substrate is then diced to form individual devices which are subsequently attached to the second substrate by flip-chip 
technology. The air bridges collect the heat generated in the HEMT and remove it laterally. The heat is further removed 

20 in vertical direction by the flip-chip bumps. This however results in a device with a considerable height. 

[0004] In US2003/00401 45A1 , a method is described fortransferring and stacking semiconductor devices. The method 
allows to produce a single-gate H EMT device by forming it on a first substrate, singulating the first substrate into separate 
devices, and attaching the individual devices to a second substrate, via a bonding layer. It is not a self-evident step to 
apply a similar method to multiple gate-finger HEMTs, given thatthe interconnect between neighbouring contacts would 

25 need to be provided in a different way, compared to the air-bridge structures. 

[0005] US2001/0005043 is related to a semiconductor device and a method of manufacturing the same, wherein a 
plurality of bipolar transistors are produced on a substrate. The substrate is flipped onto a secondary substrate, and the 
active areas of the devices are connected through a metal layer applied to the backside of the device, after creation of 
via holes. The transistors are subsequently diced, to form individual single-gate devices, eg. HEMTs. Given that there 

30 is no need in this disclosure for interconnecting corresponding area's (e.g. bases) of the different transistors, to produce 
a single (e.g. multiple base) device, the problem of avoiding airbridges is not addressed in this document. 
[0006] Document US621 4639 describes a multi-finger HEMT, wherein the source, gate and drain areas are contacted 
from the backside of the device, by producing through holes to lateral areas which are connected to the multiples sources, 
drains and gates of the device. However, this technique requires at least one air-bridge to be made. This is shown in 

35 figure 1 a of US6214639, by the dotted lines on the area 14, representing the gate contact area. At these dotted lines, 
the gate area is crossed by the area's 12. On these locations, air bridges are necessary to separate the contact areas 
12 and 14. 

[0007] Document US2005/01 27397 describes a GaN device with heat spreading layer and a thermal via. However, 
the problem of avoiding airbridges is not addressed here. The heat sinks are moreover not used to interconnect different 
40 regions of the device. 

Aims of the Invention 

[0008] The present invention aims to provide a method for producing semiconductor devices, in particular high fre- 
45 quency and high power devices such as multiple gate-finger HEMTs, which are more compact than the air-bridge 
structures known in the art, and which are still within the required specifications in terms of heat dissipation. 

Summary of the Invention 

50 [0009] The invention is related to a method as described in the appended claims, and to devices produced by applying 
this method. As expressed in claim 1 , the invention is related to a method for producing a semiconductor device comprising 
a plurality (i.e. at least two) groups of gate/drain/source contacts, or equivalently, base/collector/emitter contacts, wherein 
the respective types of contact of said groups are interconnected to a common gate, drain and source (or base, collector, 
emitter) output contact. The preferred embodiments are a multiple gate-finger HEMT, and a multiple base bipolar tran- 

55 sistor. In all of the following description, and forthe sake of conciceness of the text, the words 'gate, source, drain' contacts 
will be used. It is howeverto be noted thatthese words can be replaced everywhere by 'base, emitter, col lector' respectively. 
[001 0] The basic characteristic of the invention is expressed in appended claim 1 . A first substrate is provided, com- 
prising on its front side a semiconductor stack, i.e. a semiconductor layer, and on top of that layer a plurality of gate 
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contacts, each gate contact lying in between source and drain ohmic contacts, for producing a plurality of source-gate- 
drain structures. Possibly but not necessarily after flipping the first substrate onto a second substrate, the device is then 
contacted from the backside (the side opposite the one carrying the gate/source/drains), by etching via's through the 
semiconductor layer and through the first substrate itself, in case the first substrate is not removed or in case it is partly 
5 removed by a thinning step. According to another embodiment, the first substrate is completely removed after flipping 
the device onto a second substrate, and vias are etched in the semiconductor layer. 

[001 1 ] In all embodiments, the vias are etched in a particular way with respect to the above mentioned contacts. The 
term 'ohmic contacts' refers to the contact regions which form a direct ohmic contact with the active area's defined as 
source and drain on the semiconductor layer. 

10 [0012] According to the invention, vias are produced directly on top of each contact of at least one type, e.g. on top 
of all the source ohmic contacts, to thereby expose said ohmic contact, so that it may be contacted by a subsequently 
applied interconnect layer. At least one type of contact (e.g. all the source ohmic contacts) is contacted directly in this 
way. The other types of contacts may be contacted in another way, e.g. by providing vias to lateral contact areas (i.e. 
via's which are not directly on top of the actual ohmic contacts). Alternatively, two types of contact (preferably sources 

15 and drains), may all be contacted directly through via holes produced directly on top of these types of contact. 

[0013] By providing via's directly on top of at least one type of contact, and by thus contacting directly the (ohmic) 
contacts of that type, it is not necessary to apply an airbridge in order to accomplish the necessary interconnections. 
This will be explained in more detail with reference to the drawings. 

[0014] According to a first embodiment, the method of the invention comprises the following basic steps : 

20 

providing a first substrate, comprising on its front side a semiconductor stack, i.e. a semiconductor layer, and on 
top of that layer a plurality of gate contacts, each gate contact lying in between source and drain contacts (ohmic 
contacts), for producing a plurality of source-gate-drain structures, 
providing a second substrate provided with an adhesive layer, 
25 - attaching the first substrate to the second substrate, by attaching the front side of that substrate to the adhesive 
layer on the second substrate. If no additional layers are deposited over the gate contacts, this means that the gate 
contacts are brought in direct contact with the adhesive layer. 

Removing the first substrate from the semiconductor layer, after the step of attaching the first substrate, to expose 
the backside of the semiconductor layer, 
30 - Etching vias through the semiconductor layer, in the way described above, 

producing on the semiconductor layer an interconnecting contact layer to provide an interconnect between said 
source-gate-drain structures. This results in an operational device on the second substrate. 

The last two steps constitute a backside contacting step of the final device, with a particular way of producing vias with 
35 respect to the ohmic contacts, which is the main distinguishing feature compared to the prior art, where the interconnect 
between the source/gate/drain structures (for multi-gate devices) is established by air-bridge structures. Preferably, a 
contact metal layer is produced onto said contacts, prior to attaching the first substrate to the second. 
[0015] The method of the invention is applicable to a multiple gate-finger (in short: multi-finger) HEMT device, which 
is the preferred embodiment described in detail hereafter. However, the invention is applicable to any plurality of inter- 
40 connected source-gate-drain structures, whether they are adjacent in one area of the substrate, or located in different 
areas of the substrate. 

[0016] The first substrate may be a sapphire, silicon or a glass substrate. It may also be a GaAs, Ge, InP, SiC or AIN 
substrate. The second substrate is preferably a low cost substrate. It may be a glass, silicon or polymer based substrate. 
According to a further embodiment, the second substrate may be a multi-chip-module dielectric stack (MCM-D). The 

45 MCM-D stack may comprise passive components such as resistors or capacitors. The removal of the first substrate can 
be performed by wet etching, dry etching, laser ablation or laser lift-off (or a combination of these techniques). 
The semiconductor layer may be made of a Group III nitride material. A group III nitride material is a material comprising 
a nitride of an element of Group III of the periodic table of elements. Group III nitride materials are known to a person 
skilled in the art as wide band gap materials. A group III nitride material can be GaN, whereby GaN is to be understood 

50 as a material comprising at least GaN, such as, but not limited hereto, AIGaN, InGaN, AllnGaN, GaAsPN and the like. 
The semiconductor layer can also comprise a stack of layers, wherein at least one of the layers comprising a group III 
nitride material. The device as recited in this invention can also comprise a diamond layer instead of a Group-Ill nitride 
material. 

In another preferred embodiment, the source contact and drain contact are made of an alloy comprising Ti, Al, Ni, Mo, 
55 Ta, Pt, Pd, Si, V, Nb, Zr and/or Au. The contact being preferably formed by Ti/AI/Ti/Au sequence, Ti/AI/Ni/Au, Ti/AI/Mo/Au 
orTi/AI/Pt/Au. 

[0017] The adhesive layer is preferably produced from a thermally conductive adhesive, for the purpose of obtaining 
sufficient heat dissipation in the final device. The adhesive can be selected from the group consisting of organic polymers, 
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SU-8, poly-imide, BCB, silicones, flowable oxides, thermally conductive epoxy, e.g. epoxies with fillers (suspended 
particles to enhance thermal conductivity). The thickness of the thermally conductive adhesive layer is preferably between 
500nm and 1 0fxm, even more preferably between 500nm and 1 |nm. 

[0018] According to a preferred embodiment, a layer with the combined function of passivation and heat spreading, 
5 may be deposited on the gate/source/drain contacts on the first substrate, prior to attaching the first substrate to the 
second. 

This passivation and heat spreading layer has two functions: 

to protect gates and exposed semiconductor surface and to improve the electrical properties of said surface, 
to - to spread the heat in order to minimize the thermal resistance of the adhesive layer. 

This passivation and heat spreading layer is a layer with a high thermal conductivity (higher than 1 50W/mK). During 
the attaching step, it is then the heat spreading layer which is attached to the thermally conductive adhesive layer. 
In this case, the thermally conductive adhesive layer can be the same as in the previous embodiment. However, 
since thethermal conductivity of the heat spreading layer is preferably better than typical adhesive layers (<1 OW/mK), 
15 the application of a heat spreading layer further improves the thermal performance. The passivation and heat 

spreading layer may be formed of AIN, AlSiC, highly resistive Si, SiC or Si-nitride or diamond. Advantageously, a 
combination of two subsequent layers, a first layer as a passivation layer and a second as a heat spreading layer, 
can be used to have an optimal performance. 

20 [0019] After via-etching and before backside contacting, a second passivation layer may be applied onto the semi- 
conductor layer. 

[0020] An advantage of the present invention is that the active side of the semiconductor device is protected and 
remains essentially unaffected. A further advantage is that the resulting structure is more compact, compared to devices 
produced by applying air bridge structures. The device produced according to the present invention is highly integrated, 

25 has short interconnects and a planar character, allowing further 3D integration. 

[0021] In a second embodiment, the method comprises a number of further steps, following the steps of the first 
embodiment. After the connection between the source/gate/drain structures has been established, the second substrate, 
which is now carrying the finished interconnected device, may be reversed and attached to a third substrate, by attaching 
the side of the second substrate, carrying the interconnect layer, to the third substrate, preferably an MCM substrate. 

30 The second substrate and the original adhesive layer are then removed, and vias can be etched and heat sinks applied 
which allow for a better heat dissipation. This will be described in more detail for a multi-finger HEMT device. 
[0022] According to athird embodiment, the first substrate is not attached to a second substrate. The via's are produced 
through the backside of the first substrate, to expose e.g. the source areas. Possibly, the substrate may be subjected 
to athinning operation priorto the via etching. Afterformation of the via's (in the way described in claim 1), and application 

35 of the contacting layer, the first substrate may then be attached to a second substrate (equivalent to the third substrate 
from the previous embodiment). 

[0023] To summarize, the advantages of the present invention are : 

Additional thermal conduction paths to the active device are created : this means that the heat can be removed both 
40 vertically (towards the 2 nd substrate, e.g. MCM) and laterally (by means of the metal contacts). The vertical distance 

between device and substrate is small, which limits the thermal resistance of this conduction path. 
Airbridges on the semiconductor substrate are avoided, 

The electrical connections to the HEMT are very short; this means that there are less parasitics and as a result an 
improved RF-behaviour, 

45 - The final structure is very planar ; this may facilitate further packaging and system integration. 
Moreover, the advantages associated with MCM remain valid: 

MCM is better suited for greater metal thickness (improving the thermal conductivity) 
The devices can be tested before the MCM integration 
50 - MCM adds functionality to the device through passives or integration of several active components possibly obtained 
from different technologies. 
Lower substrate cost compared to M MIC 

Brief Description of the Drawings 

55 

[0024] Fig. 1 illustrates the method steps according to a first embodiment of the invention, to produce a multi-finger 
HEMT. 

[0025] Fig. 2 illustrates the steps of the method according to a second embodiment. 
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[0026] Fig. 3 shows atop view of a HEMT device, illustrating the shape of the contact areas in a preferred embodiment 
of the device. 

[0027] Fig. 4a and 4b show alternative designs for a 6 gate HEMT according to the invention. 
[0028] Fig. 5a and 5b show more alternative designs for a 6-gate HEMT according to the invention. 
[0029] Fig. 6 shows the steps of the method according to a third embodiment. 

[0030] Fig. 7 shows a number of alternative patterns for the interconnecting layer according to the invention. 



Description of a Preferred Embodiment of the Invention 



10 [0031] The preferred embodiment of the present invention concerns the production of a multi-finger HEMT device 
according to the method as characterised above. In figure 1 , the different process steps of producing a HEMT according 
to the first embodiment of the invention, are illustrated. The steps will be further highlighted hereafter. 

Fig. 1 a : providing a sapphire substrate 1 , with a semiconductor stack on top of it. The stack consists of a GaN layer 
15 2 and an AIGaN layer 3. The GaN film is between 1 and 5|mm thick and grown on the sapphire substrate in a MOCVD 

system (Metal Organic Chemical Vapour Deposition). The top layer 3 of AIGaN (1 5-30nm) film is grown on top such 
that a high concentration of electrons occurs at the interface (two dimensional electron gas, 2-DEG). 

Fig. 1b : a mesa etch is done to isolate individual devices on the substrate. The etch has to go through the 2-DEG 
20 interface 4. 



Fig. 1c : A metal stack 5 is deposited for the drain and source ohmic contacts. The source and drain contacts are 
deposited together. Atypical stack is Ti/AI/x/Au (x=Mo, Pt, Ti,...), with thickness respectively : 20/40/25/50nm. The 
thickness of the layers is optimised depending on the GaN/AIGaN layer. An annealing at high temperature is per- 
25 formed to promote alloy formation that makes the contacts ohmic in nature (at 800-1 000°C). 

Fig. 1 d : The gate contacts 6 are produced with a an e-beam process; the material used for the gates may be Ni/Au 
or Pt/Au (20/200nm). 



30 Fig. 1 e : optionally, a contact metal layer 7 is applied (e.g TiW/Au/TiW). 



Fig. 1f : a passivation layer is deposited over the device (100nm Si3N4, not visible on figure) and a heat spreading 
layer 8 is deposited over the passivation layer (e.g. 0.5-1 |xm AIN). After this step, the substrate 1 is preferably diced 
to form individual devices. 

35 

Fig. 1 g : a second substrate 9 is provided, with a thermally conductive adhesive layer 1 0 on said second substrate. 
There may be passive components present on the second substrate. The HEMT device and first substrate are 
reversed and bonded to the adhesive layer, so that the heat spreading layer 8 is in direct contact with the adhesive 
layer 10. The adhesive used may be BCB or SU-8. 

40 

Fig. 1 h : the first substrate is removed, possibly using laser lift-off: laser pulses are applied to the sapphire substrate, 
the pulses having an energy higher than the GaN bandgap. The pulses are absorbed at the GaN/sapphire interface, 
which leads to a local decomposition into Ga and N2. Ga has a very low melting point : this means that the substrate 
can be removed at low temperature. The remaining Ga can be removed by a short HCI-dip. 

45 

Fig. li : Around the HEMT device, the adhesive layer is removed using a SF6/02 etch. Vias 1 1 are made in the GaN/ 
AIGaN active layer using C12-etching. 

In the drawing in fig. 1 i, the vias are etched to expose the source, drain and gate contacts to the environment (i.e. 
uncover these contacts) so that these source contacts may be directly contacted in the next process step. 

50 The section of fig. 1i shows vias only to the source contacts. However, the gates and drains need to be contacted 

as well : Fig. 3 shows a top view of the HEMT device of figure 1 , including the mesa 40 and the location where the 
vias 11 are produced. The source contact areas 29 are contacted directly, while the drain and gate areas are 
produced in such a way that they are interconnected to lateral contact areas 30 and 31, each contacted through 
one via 52. It is to be noted that it is not a limitation of the invention that the source contacts are to be contacted 

55 directly (i.e. as shown in fig. 3). This may equally be the case for the gate or drain contacts, in which case the 

remaining two contacts may be contacted through lateral areas in the plane of the device. Still alternatively, all 
contact areas may be contacted directly, i.e. without the lateral contact areas. 
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Fig. 1j : optionally, a passivation layer 12 is deposited onto the backside, e.g. Si-nitride. This layer passivates the 
GaN backside and may influence the electronic properties of the HEMT. 

Fig. 1k : a contact layer 13 to the gate/source/drain contacts is deposited, e.g. using Cu-electroplating. 

5 

[0032] These steps result in a multi-finger HEMT device, produced according to the first embodiment. 
As stated above, the invention is characterized by the fact that vias 1 1 are produced to directly contact at least one of 
the types of ohmic contact of the device. Figures 4a and 4b show a number of alternatives in case of a 6-gate HEMT. 
The contours are shown of what is defined as the 'ohmic contacts' of the sources (29) and drains (50). The gate contacts 

to 51 are visible as well. In fig. 4a, vias 1 1 are etched directly on top of the source contacts 29, to expose these contacts, 
so that they may be interconnected by the interconnect layer 13 (fig. 1). Directly on top of the drain and gate contacts, 
no vias are produced. In stead, these contacts are contacted via lateral areas 30 and 31 (also called contact pads), 
wherein one via 52 is produced respectively. In the device of figure 4a, contact pads 53 are also shown which are in 
connection with the outer two source area's. Additional vias 54 may be produced on these outer contact pads. However, 

15 the latter is not a requirement of the present invention. 

[0033] In the embodiment in figure 4b, vias 1 1 are produced to directly contact all the source and drain areas 29 and 
50. The contact pad 30 for the drains is still present, but could be omitted in this embodiment. Alternatively, vias 1 1 may 
be produced to directly contact all types of contact (sources, drains and gates). In this case, it would be necessary to 
produce gates with a broader width. 

20 [0034] In the embodiments shown in figures 3 and 4, it is clear that the interconnecting layer 13, properly patterned, 
is able to interconnect the source regions 29 with each other, as well as the drain and gate regions 50,51 respectively, 
without the necessity of interconnecting one type of contact (e.g. all the drains) by an airbridge. An airbridge would be 
the necessary if all of the contact types would be contacted through a lateral contact pad, as in US621 4639. This illustrates 
the improvement accomplished by the invention over the available art. 

25 [0035] According to the second embodiment, a number of additional steps are performed, as illustrated in figure 2. 

Fig. 2a : The same steps as desbribed above are applied to obtain the gate source and drain contact zones 5 and 
6 on the substrate 1 . A passivation layer 20 is deposited on the contacts 5 and 6, with an etch stop 21 layer on top 
of the passivation layer. 

30 

Fig. 2b : the substrate 1 is reversed and bonded to the second substrate 9, after which the first substrate 1 is removed, 
in the same way as in the first embodiment. The bonding layer 10 according to this embodiment is not necessarily 
a thermally conductive adhesive layer. It may be SU8/BCB or metal. 

35 Fig. 2c : vias 1 1 are etched to the contact areas. In principle, vias to only the source contacts would be enough in 

this case, but the disadvantage here then is that the devices cannot be measured before bonding to the third 
substrate. In the preferred case of this embodiment, therefore, vias are produced to all contact areas (source, drain, 
gate), as in figure 3. 

40 Fig. 2d : the interconnect is established by the backside contact layer 13. The device shown in figure 2d therefore 

corresponds to the finished device from the first embodiment, shown in figure 1 k, except that in the first embodiment 
there is a thermal and electrical lateral contact between the backside contact layer 13 and the second substrate 9. 
This contact is not present in the second embodiment, since the second substrate will be removed anyway (see 
further). 

45 

Fig. 2e : according to the second embodiment, a third subtrate 22a, 22b is now provided, preferably an MCM- 
substrate (e.g. an AIN-substrate) with a good thermal conductivity. The bottom layer 22a is the substrate and the 
layer 22b on top is a patterned metal layer to make contact to the sources. The third substrate is provided with a 
bonding layer 23. The second substrate is now reversed and attached to the third substrate by attaching the side 
50 carrying the interconnect layer 13, to the third substrate, by means of the bonding layer 23. The bonding layer 23 

is preferably a layer with good thermal conductivity. It may be a metal bonding layer. 

Fig. 2f : The second substrate 9 and adhesive layer 1 0 are subsequently removed. This may be done by an etching 
step, stopped by the etch stop layer 21 . Other ways of removing the second substrate 9 may however be applied, 
55 which would not require an etch stop layer. 

Fig. 2g : the etch stop layer is removed and vias may be etched in the passivation layer 20 on top of the gate/source/ 
drain contacts (5,6), and heat sinks 24 may be deposited on top of the contacts. 
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[0036] Preferably according to the second embodiment, the first substrate 1 is not diced before reversing and attaching 
it to the second substrate. In stead, the first substrate is reversed and attached as a whole, possibly attaching several 
HEMT- devices to the second substrate. The dicing is preferably done after reversing and attaching the first substrate 
to the second. As shown in figure 2e, individual devices are then reversed and attached to the third substrate. 

5 [0037] The second embodiment of the method of the invention provides some additional advantages over the prior 
art. Heat removal can be obtained both on the front and the backside of the device. At the back side, the heat can be 
removed to the third substrate 22 through the adhesive layer 23 and interconnect layer 13, while at the front side, heat 
sinks can be produced, for further improving the efficiency of the heat removal. With the device produced according to 
the second embodiment, it is also possible to test the complete device (with source contacts) before the integration of 

to the HEMT in a circuit on the third substrate. 

[0038] In the second embodiment, it is possible to produce the vias to the ohmic regions in the way shown in figure 
5a and 5b, i.e. without producing vias 52 to the lateral contact pads 30 and 31. This is because these areas can be 
contacted in a known way, and without using airbridges, after the device has been attached to the third substrate. 
[0039] According to a third embodiment, the first substrate is not flipped onto a second substrate, but the vias are 

15 etched through the backside of the first substrate itself, see figure 6. This is possible only with a first substrate 1 made 
of particular materials, preferably a Si. On top of the Si, there is also a further semiconductor layer (2,3), e.g. GaN/AIGaN, 
as in the previous embodiments. The layer 2-1-3 is shown as one layer in fig. 6, but this is preferably a double layer as 
in fig. 1 . As seen in figure 6a, the device, including all the gate/drain/source contacts 7 and the passivation layer 8 is 
produced on the first substrate, in the same way as described above for embodiment 1 . Vias 60 are etched through the 

20 passivation layer 8, to contact the lateral contact pads), see fig. 6b. In this embodiment, the vias 1 1 are produced through 
the Si-substrate 1 and the semiconductor layer 2,3 (see figure 6c). Possibly, the substrate may be thinned at the backside, 
before producing the vias. This is the case in the embodiment shown : the thickness of the substrate 1 has been reduced 
in between the views B and C. The thinning may be performed by etching back the substrate, or by grinding and/or 
polishing the substrate from the backside. The interconnect layer 1 3 is applied onto the backside of the substrate, leading 

25 to a finished device, see figure 6. 

[0040] As mentioned above, the interconnect layer 1 3 is to be patterned in a proper way, to allow the ohmic contacts 
to be interconnected correctly. Figure 7 shows some examples of how this patterning may be done, in the case of the 
6-gate HEMT shown in figure 4. Figure 7a and 7b show two possibilities which can be used in a device according to 
embodiment 1 . The interconnect layer 1 3 shows three distinct regions, and thus allows a common contact to the gates, 

30 drains and sources respectively. Figure 7c and 7d show one or two distinct regions on the interconnect layer 13. This 
design is only usable in embodiment 2, as it requires one or two additional contact layers to be applied to the front of 
the device, after the device has been attached to the third substrate (fig. 2). 



35 Claims 

1. A method for producing a semiconductor device comprising a plurality of groups consisting of a source, drain and 
gate contact, or a plurality of groups of an emitter, base and collector contact, wherein the respective types of contact 
of said groups are interconnected to a common gate, drain and source (or base, collector, emitter) contact, said 

40 method comprising the steps of : 

- providing a first substrate (1), comprising on its front side a semiconductor layer (2,3), and on top of that layer, 
i.e. on the front side of said layer, a plurality of gate or base contacts (6), each gate contact lying in between 
source and drain ohmic contacts (5), or each base contact lying in between emitter and collector ohmic contacts, 

45 - etching vias (1 1 ) through the backside of said semiconductor layer, wherein vias are produced directly on top 

of each contact of at least one type, e.g. on top of all the source ohmic contacts, to thereby expose said contacts, 

- producing on the backside of said semiconductor layer an interconnecting contact layer (13) to provide an 
interconnect between said source-gate-drain groups or emitter-base-collector groups, this resulting in a semi- 
conductor device on the second substrate. 

50 

2. The method according to claim 1 , wherein vias are produced on top of all the contacts of one type, and the other 
contacts are connected to lateral areas (30,31). 

3. The method according to claim 2, wherein vias (52,54) are produced through the backside of the semiconductor 
55 layer (2,3), on top of said lateral areas (30,31). 

4. The method according to claim 1 or 2 or 3, wherein vias (1 1 ) are produced directly on top of all the source contacts 
(29), and wherein vias (1 1) are also produced directly on top of all the drain contacts (50). 
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5. The method according to any one of claims 1 to 4, said method comprising the steps of : 

- providing a first substrate (1 ), comprising on its front side a semiconductor layer (2,3), and on top of that layer 
a plurality of gate or base contacts (6), each gate contact lying in between source and drain contacts (5), or 

5 each base contact lying in between emitter and collector contacts, 

- providing a second substrate (9) provided with an adhesive layer (10), 

- attaching the first substrate to the second, by attaching the front side of said first substrate, including said 
gate/source/drain or base/emitter/collector contacts, to said adhesive layer (10) of the second substrate (9), 

- after the step of attaching the first substrate, and before the step of producing said vias (11), removing the 
to first substrate (1) from the semiconductor layer (2,3), to expose the backside of the semiconductor layer (2,3). 

- afterthe step of producing vias (1 1 ), producing on the backside of said semiconductor layer an interconnecting 
contact layer (13) to provide an interconnect between said source-gate-drain groups or emitter-base-collector 
groups, this resulting in a semiconductor device on the second substrate. 

15 6. The method according to claim 5, wherein said adhesive layer (10) consists of a thermally conductive adhesive 
layer material selected from the group consisting of organic polymers, thermally conductive epoxy (e.g. epoxies 
with fillers), SU-8, poly-imide, BCB, silicones, flowable oxides. 

7. The method according to claim 5 or 6, further comprising the step of applying a contact metal layer (7) onto said 
20 contacts (5,6), prior to attaching the first substrate to the second. 

8. The method according to any one of claims 5 to 7, further comprising the step of applying a passivation and heat 
spreading layer (8) onto said contacts (5,6) or onto said contact metal layer (7), prior to attaching the first substrate 
to the second. 

25 

9. The method according to claim 8, wherein said passivation and heat spreading layer consists of AIN, AlSiC, highly 
resistive Si, SiC or Si-nitride. 

10. The method according to any one of claims 5 to 7, wherein a passivation layer is applied onto said contacts, and a 
30 heat spreading layer is applied onto said passivation layer. 

1 1 . The method according to any one of claims 5 to 1 0, further comprising the step of applying a passivation layer (1 2) 
on the backside of the semiconductor layer (2,3), after the step of producing vias (1 1 ) in the semiconductor layer, 
and before the step of producing the interconnecting contact layer (13). 

35 

12. The method according to any one of the claims 5 to 1 1 , wherein said semiconductor device is a multiple gate-finger 
HEMT. 

13. The method according to any one of the claims 5 to 1 1 , wherein said semiconductor device is a multiple base bipolar 
40 transistor. 

14. The method according to any one of claims 5 to 13, further comprising the steps of : 

- providing a third substrate (22a,22b)) provided with a bonding layer (23), 

45 - attaching the second substrate (9) to the third substrate, by attaching the side of the second substrate, including 

said semiconductor device, to said bonding layer (23) on the third substrate, 

- removing the second substrate (9) and the adhesive layer (10), this resulting in a semiconductor device on 
the third substrate. 

50 15. The method according to claim 14, wherein a passivation layer (20) and an etch stop layer (21) are produced on 
said gate/source/drain (or base/emitter/collector) contacts (5,6), prior to attaching the first substrate (1) to the second 
(9), and wherein the second substrate (9) and the adhesive layer (1 0) are removed by an etching process, stopped 
by the etch layer (21). 

55 16. The method according to claim 14 or 1 1 , further comprising the step of producing heat sinks (24), on top of said 
source, gate and drain (or emitter, base, collector) contacts, after removing the second substrate (9). 

17. The method according to any one of claims 14 to 16, wherein said vias (11) are produced for contacting only one 
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type of contact (e.g. source, drain, or gate) . 

18. The method according to any one of claims 5 to 13, wherein said first substrate (1) is diced to form individual devices, 
before the first substrate, in the form of these individual devices, is attached to the second (9). 

19. The method according to any one of claims 14 to 17, wherein said second substrate (9) is diced to form individual 
devices, before the second substrate, in the form of these individual devices, is attached to the third (22a,22b). 

20. The method according to any one of the preceding claims, wherein said semiconductor layer consists of a stack of 
a GaN layer and an AIGaN layer. 

21. The method according to any one of claims 1 to 4, wherein said vias (11) are produced through said first substrate 
(1), and wherein after producing said vias (11), said interconnecting layer (13) is produced on the backside of said 
first substrate. 

22. The method according to claim 21, wherein said first substrate (1) is subjected to a thinning operation, before 
producing said vias (11). 

23. The method according to claim 21 or 22, wherein said device is attached to a second substrate, by attaching the 
backside of said first substrate, including the interconnecting layer (13), to another substrate. 

24. A semiconductor device produced according to the method of any one of the preceding claims. 
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FIG, 4a 




FIG. 4b 
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